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Abstract 
The method of reliability is proposed for the investigation of thermal contact conductance (TCC) in this study. A new defini-
tion is introduced, namely reliability thermal contact conductance (RTCC), which is defined as the TCC value that meets the 
reliability design requirement of the structural materials under consideration. An experimental apparatus with the compensation 
heater to test the TCC is introduced here. A practical engineering example is utilized to demonstrate the applicability of the pro-
posed approach. By using a statistical regression model along with experimental data obtained from the interfaces of the struc-
tural materials GH4169 and K417 used in aero-engine, the estimate values and the confidence level of TCC and RTCC values 
are studied and compared. The results show that the testing values of TCC increase with interface pressure and the proposed 
RTCC model matches the test results better at high interface pressure. 
Keywords: thermal contact conductance; thermal contact resistance; confidence level; compensation heater; reliability; 
aero-engine 
1. Introduction1 
Thermal contact conductance (TCC) is an important 
parameter in many engineering applications. It plays a 
key role in heat conduction mechanisms when heat 
transmission is interrupted by solid/solid interface. 
With the development of aerospace technologies, a 
higher requirement of aero-engine is put forward. For 
the gas turbine, its effective power is determined by the 
turbine temperature, so the temperature of the heated 
end components is higher and higher with the devel-
opment of aero-engine. In order to protect the struc-
tural reliability of the engine, it is necessary to analyze 
and calculate the temperature field of heated end com-
ponents; therefore, the in-depth study of TCC between 
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the components of heated ends of engine becomes a 
necessity [1]. 
Given the importance of TCC, many researchers 
have conducted studies on that for several decades with 
both theoretical and experimental methods. During 
these years, numerous experimental investigations 
were reported in the literature. Among them, the most 
representative are some experimental apparatus [2-5]. 
Besides, a number of models and empirical and 
semi-empirical correlations to predict TCC were pro-
posed. The classical models are Mikic elastic model [6], 
Cooper, Mikic and Yovanovich (CMY) plastic model [7] 
and elastoplastic model [8] proposed by Sridar and 
Yovanovich. Barzelay, et al. and Zhang, et al. [9-12] have 
reviewed some theoretical models of TCC respectively, 
and the authors have also reviewed the recent experi-
mental and theoretical investigations [13].  
The investigation of TCC in aero-engine is mainly 
used to improve the predictive ability to thermal per-
formance of aeroengine. Traditional method can only 
give a particular TCC value which cannot meet the 
reliability and confidence requirements to the date. In Open access under CC BY-NC-ND license.
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this paper, the concepts of reliability and confidence 
were introduced to the investigation of TCC. Reliabil-
ity is the ability of an item to perform its intended 
function under stated times and conditions. Similarly, 
reliable thermal contact conductance (RTCC) can be 
defined as the TCC values to meet the reliability design 
requirements of the structural materials under consid-
eration. Based on the experimental study, this paper 
gives the method to determine the confidence interval 
estimation of RTCC through the analysis of the statis-
tical regression model, and a practical engineering 
example is utilized to demonstrate the applicability of 
the proposed approach. 
2. Method of Approach 
2.1. Test principle 
Thermal contact resistance (TCR) is an additional 
heat transfer resistance as to the incomplete contact 
across the interface, whose inverse is defined as TCC 
in the flowing equation:  
 
s
qh
T
 (1) 
where hs is thermal contact conductance, T interface 
temperature drop, and q heat flux per unit area. 
The steady state method is used in this paper, T 
between the interfaces can be calculated by extrapolat-
ing the temperature profiles of each brass column to 
the interface. And q is calculated by multiplying the 
temperature gradient with the heat-flow meter’s ther-
mal conductivity. 
2.2. Experimental setup 
The experimental apparatus used here is identical to  
that used by Wang, et al. [14-15]. The detailed description 
of experimental apparatus and procedure can be found 
in Ref. [14] and the brief description is presented here.  
The schematic of the experimental apparatus, as 
shown in Fig. 1(a), consists of loading and load bear-
ing subsystem, water-cooling subsystem, heating sub-
system, temperature measurement and control subsys-
tem and thermal insulation subsystem. The rig consists 
of one brass heat-flow meter and two specimens, 
placed end to end. 12 thermocouples are mounted in 
the holes of specimens and heat-flow meter to measure 
the temperature distributions in the specimens. The 
output from the thermocouples is read in a personal 
computer-based data taker. On the top of specimen is 
the water-cooling subsystem, the pressure sensor is put 
on it, and the load mechanism passes through it. The 
insulating materials are used to prevent heat from dis-
sipating from the radial direction wrap around the three 
columns along radial direction, and the compensation 
heater is installed on the interface between the speci-
mens. The heating apparatus used to heat the speci-
mens is placed under the specimen. 
The compensation heater, as shown in Fig. 1(b), is 
comprised of thermocouple, ring heater and fixed sup-
port. Two different-size ring heaters disperse over the 
contact interface of radial plane, each of which is fixed 
with a thermocouple. The electronic thermo-controller, 
which is linked to the thermocouple, decides the on-off 
of the ring heater to keep its temperature in accordance 
with the contact interface, by feeding back the ring 
heater’s temperature to it through the thermocouple. 
There are two threaded holes on the top of the up-
side-down-L-shape fixed support, through which the 
screw fixes the support on the roof of the out shell, and 
the trough hole on the bottom makes the ring heater 
easier to regulate its axial position.  
 
Fig.1  Schematic of experimental apparatus. 
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2.3. Specimens 
The specimen tested in the experiment is superalloy 
GH4169 and K417 whose thermal conductivities are 
shown in Table 1 and Table 2 [16]. In the tables, 0 is the 
thermal conductivity, C is the average slope angle of 
the interface. The specimen was processed into round 
rod with the size of R 20 mm×60 mm, and there are 
four thermocouple mounting holes whose diameter is 1 
mm and depth is 10 mm distributed evenly along the 
axial direction. The surface roughness of the specimens 
is 0.094 %m and 0.588 %m and the average tile angle of 
the interface is 0.03 rad and 0.13 rad respectively. 
Table 1  Thermal conductivities of GH4169 

/SC 11 100 200 300 400 500
/(W·m1·SC1) 13.4 14.7 15.9 17.8 18.3 19.6
Table 2  Thermal conductivities of K417 

/SC 132 419 661 760 947 
/(W·m1·SC1) 10.87 14.23 19.25 25.94 38.49
 
The material of the heat-flow meter is pure Cu and 
the size is the same as the test specimen. Calibration 
experiment to test thermal conductivity of pure Cu was 
made by laser scattering method using LFA427 laser 
conductometer as main measuring tool. The material 
used in the calibration experiment is surplus material of 
heat-flow meter, and the specimen was processed into 
small sheet with the size of R 10 mm×5 mm. The test 
results are shown in Fig. 2. 
 
Fig. 2  Variation of thermal conductivity to temperature. 
The heat-flow meter would deform at the high pres-
sure in the experiment, and a finite element simulation 
was made to calculate the deformation. The model was 
created in the general finite element software AB-
AQUS. Bilinearity isotropism solidification model was 
selected (elasticity modulus E=128 GPa, Poisson’s 
ratio 8 = 0.35, yield strength s =33.3 MPa). Tridi-
mensional entity unit was adopted for meshing, while 
linear reduction integration was adopted for the unit. 
The calculation results are shown in Table 3. 
Table 3  Strain of pure Cu heat-meter under test pres-
sure 
Load/MPa 80 100 120 140 160 
Strain/
 0.676 7 0.939 6 1.270 0 1.621 0 1.971 0
2.4. Uncertainty analysis 
The uncertainty of the experiment is analyzed under 
the theory of error propagation law. According to the 
law, the input uncertainty factors of the TCC measure-
ment are temperature measurement, length measure-
ment and the radial heat losses. And the uncertainty of 
the experiment is the sum of the uncertainty of those 
factors. The uncertainty of the thermal conductivity, 
PXR5 temperature control and data acquisition system 
and temperature measurement are 1.8
, 0.2
 and 
0.8
 respectively. In the experiment, heat losses from 
three aspects: remnant heat transfer in the insulating 
materials, heat radiation and heat conduction of ther-
mocouples wires. According to calculation, the uncer-
tainty due to heat losses is 2.0
. Therefore, the uncer-
tainty due to the heat flux is 4.8
. The maximum un-
certainty in temperature drop measurement is 7.8
. 
According to the law of error propagation, the total 
uncertainty in measured thermal contact conductance is 
therefore 9.2
. 
3. Analysis and Evaluation Methods of Reliability
Date 
According to CMY plastic model, the empirical cor-
relation to predict TCC can be written as  
 
* +* +0.941.13 tan0 C sh p H  (2) 
and according to Mikic elastic model, the empirical 
correlation to predict TCC can be written as  
 
* + * +
0.94
1.55 tan 2 tan0 C  C  T sh p E  (3) 
where  is the interface roughness, E the elastic 
modulus, p the interface pressure and H the hardness of 
the asperity material. 
In this paper, tan C and  are all known quantities in 
Eqs. (2)-(3),  and E are related to the interface tem-
perature T, which means the TCC hs is related to p and 
T only. So, it can be assumed as 
 
1 2
0
x x
sh x T p  (4) 
Make a logarithmic transformation to Eq. (4) and the 
expression can be written as  
 0 1 2
ln ln ln ln  sh x x T x p  (5) 
Now, a linear relationship is built among the pa-
rameters hs, T and p, and the empirical correlation to 
predict TCC can be given after giving the unknown 
parameters x0, x1 and x2 using regression analysis me-
thod. 
In Eq. (5), let y=ln hs, b0=ln x0, b1=x1, X1=ln T, 
b2=x2, X2=ln p, and it can be expressed as 
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(6) 
The estimator of the standard deviation  of y (ln hs) 
is given by  
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and the regression equation is expressed as  
 0 1 1 2 2
ˆ ˆ ˆ  y b b x b x
 
(8) 
where  
 0 1 1 2 2
ˆ ˆ ˆ  b y b X b X
 
(9) 
where y  is the arithmetic average.  
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whereUX1 andUX2 are arithmetic means of X1i and X2i 
respectively, l11 and l22 sum of squares of X1i and X2i 
respectively, l1y, l2y and l12 symbols defined to simplify 
the calculation, and the detailed definition can be found 
in Ref. [17].  
 
exp( )sh y   (12) 
and 
 
ˆexp( ) exp( )s R R Rh y y u k      (13) 
where uR = 1 (R), R is reliability, k the correction 
factor of the standard deviation. The sided confi-
dence upper limit and lower limit of reliability ther-
mal contact conductance hsR can be given by  
 L, L,
ˆexp( ) exp( ( ) )s R R R Rh y y u k k@ @      (14) 
 U, U,
ˆexp( ) exp( ( ) )s R R R Rh y y u k k@ @      (15) 
where kR is the basic statistical parameters related to R. 
The confidence interval of hsR is [hsRL,@ hsRU,@] when the 
confidence is 2@ 1. k is given by  
 
3
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(16) 
where 
(·) is the Gamma function, n the sample size.  
4. Results and Discussion 
TCC between structural materials GH4169 and 
K417 at different interface temperature and load was 
tested. The estimated values and the confidence levels 
of TCC and RTCC values at given values of @ and R 
are studied and compared by the method introduced 
above. The test results and estimated values are shown 
in Table 4. 
Table 4  Test results and estimated values of TCC and RTCC (@ = 90%, R=0.9) 
TCC hs/(kW·m2 ·SC1) RTCC hsR /(kW·m2 ·SC1) 
T/SC p/MPa 
Test result Estimated value Estimated value Confidence lower limit Confidence upper limit
289.52 97.184 13.858 12.763 9.886 7 8.303 3 11.685 
271.91 101.570 13.435 12.451 10.235 0 8.499 5 12.097 
254.85 98.412 13.748 12.620 9.673 9 8.185 1 11.433 
289.45 132.860 25.078 24.555 22.354 0 19.784 0 25.049 
278.25 138.010 26.080 25.526 22.932 0 19.965 0 25.655 
259.68 132.950 25.290 24.560 22.659 0 20.126 0 25.510 
 
The test and estimate TCC values as a function of 
interface temperature at different pressure levels at 
about 100 MPa and 135 MPa are depicted in Fig. 3. 
 
Fig. 3  Variation of TCC with interface temperature at dif-
ferent contact pressures. 
As shown in Table 4 and Fig. 3, when the interface 
pressure is fixed, the variation of TCC values with 
temperature is small; while the TCC values increase 
with interface pressure quickly. That is because the real 
contact area increases with load of interfaces, resulting 
in the increase of thermal contact conductance. During 
the initial phase of loading, interfaces have spiculate 
protuberances, so every rough peak will bear higher 
stress on average though the load is relatively low. 
Plastic deformation and elastic deformation then come 
into existence, leading to the increase of real contact 
area. The influence of temperature on TCC is much 
more complex: temperature cannot only affect the me-
chanical property and heat transfer performance of 
material, but also causes oxidization of the interface. 
The change of the mechanical property and heat trans-
fer performance of material can promote the increase 
of contact area and interfacial heat transfer to a certain 
extent; however the oxidization of the interface has an 
adverse affection. The two opposite effects depend on 
each other and work on each other, influencing 
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and restricting the thermal contact conductance. When 
this two factors reach a balance, the influence of tem-
perature on TCC in macrocosmic is smaller.  
Moreover, it is seen from Table 4 that the estimated 
values of TCC agree well with the testing results, the 
errors of which are all within 10
. The RTCC estimate 
model has an obvious error which are larger (about 
30
) when the interface pressure is lower, and de-
crease (within 15
) with the increase of the interface 
pressure. It is seen that RTCC model has better adapta-
bility at high pressure which agrees with most of TCC 
theoretical models at a given R value. And the test re-
sults are not within the RTCC confidence level which 
is determined by the value of R in this example. When 
the value of R is 1, the estimate values would be equal 
to the estimate values of TCC. The analytical results 
can be obtained only by modifying the relevant pa-
rameters in the model for different reliability and con-
fidence in actual application. 
5. Conclusions 
1) An experimental apparatus with compensation 
heater to test the TCC is introduced, by which the TCC 
between structural materials GH4169 and K417 at dif-
ferent temperature and pressure is tested. 
2) Reliability and confidence are introduced to the 
calculation of TCC, and a new definition of RTCC and 
an approach to estimate values and confidence level of 
RTCC are proposed. 
3) A practical engineering example is utilized to 
demonstrate the applicability of the proposed approach, 
and the confidence level of TCC and RTCC values are 
studied and compared. The results show that the errors 
between estimate values of RTCC and test result 
plunge from about 30
 to less than 15
 in the exam-
ple.  
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